Journal of Wetlands Research ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
Vol. 25, No. 4, November 2023, pp. 267-273 DOI https://doi.org/10.17663/JWR.2023.25.4.267

"Held 7l 27 @A 2ol U o|0|2] 2t S0 tE €5 ¥t =4

Analysis of performance changes based on the characteristics of input
image data in the deep learning-based algal detection model
Juneoh Kim' - Jiwon Baek™ - Jongrack Kim™ - Jungsu Park*"

"Department of Civil and Environmental Engineering, Hanbat National University, Korea
“UnU Inc, Korea
(Received : 4 August 2023, Revised : 22 September 2023, Accepted : 10 October 2023)

= AHAE 4ok 585 asolth. 18y FE2/O Tt -2 sl ohefet o gdS
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Abstract

Algae are an important component of the ecosystem. However, the excessive growth of cyanobacteria has
various harmful effects on river environments, and diatoms affect the management of water supply processes.
Algal monitoring is essential for sustainable and efficient algae management. In this study, an object detection
model was developed that detects and classifies images of four types of harmful cyanobacteria used for the
criteria of the algae alert system, and one diatom, Synedra sp.. You Only Look Once(YOLO) v8, the latest
version of the YOLO model, was used for the development of the model. The mean average precision (mAP)
of the base model was analyzed as 64.4. Five models were created to increase the diversity of the input images
used for model training by performing rotation, magnification, and reduction of original images. Changes in
model performance were compared according to the composition of the input images. As a result of the
analysis, the model that applied rotation, magnification, and reduction showed the best performance with mAP
86.5. The mAP of the model that only used image rotation, combined rotation and magnification, and combined
image rotation and reduction were analyzed as 85.3, 82.3, and 83.8, respectively.
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algorithm
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ZRe AEAE AAske $83%F 840tk (Chapman,
2013). 2} gx80] Irst AL shde] 47 ofs}
Aol Faliet S4EE] B4, o3 12l shd o wj
st 5 odRt AIFE TAAIIY AERE e
A4 3T 9F= A (Grattan et al., 2016;

Griffith and Gobler, 2020; Paerl and Huisman, 2008).
F HElE A5HQ 239 F4a3 dAlo|l B4
IF BEE YA Zﬁﬂ‘? Aol tigh RUEEo] Fa

shtk. 25 WA BUHPE @uAL ol 8% BE 5ol 7t

CIBLED Hﬂosa olejst wpge Asket B4 gl

A pegel ARste] Bgst Wastel A7 Aol
[e]

’_‘3 —/FL 7 %2114 716te] olu|z] A &S &85

Fob FopollA w27 F7lstal 9o, =
/\15 Amt Azhe] d7s B3t =3
/\394 FAE 93l You Only Look Once (YOLO) &
M7 (Convolutional Neural Networks, CNN)
IRt AA &2 HAled REE £F 2Rl
Agst7] St A7t AEHA e (Chandana  and
Ramachandra, 2022; Diwan et al., 2023; Jiang et al.,
2022).

CNN-2 @712 olu|z2] #FEol| d& AMEE
18& 7 convolution?} pooling oz LA U
A4k EOH olu|z| 9] EAZ& —7—%5]'5—’ AAFEE EofF

oln|z] EFNA £ 452 Hole AR &HA glo
™, Fast R-CNN, R-CNN & et CNN 7§ o]

Net=lolgktt (Girshick et al., 2014; Krizhevsky et al.,
2012: Ren et al., 2015; Zhiqiang and Jun, 2017).

olm|z] EREYLE EF DAY o meh 1-stage
Detector@r 2-stage Detector2 &% 4= QIth (Sultana
et al., 2020). 23719 olu]x] EF Y] 9 2-stage
Detector 2822 g At (region proposal) ©]F Z{A|
B35 (classification)S Zdjgith wetd AL =x|qt
A B7ol B2 AlZto] &g EtHs @o] qltt. o]& A
Ast7] 9o d Aett A £/7F she] ges F
o=l 1-stage DetectorZ} 7= O™ 2-stage Detector

R FARE 59 AL E FASHAA A4 &7 Al
(He wEA A=A

You Only Look Once (YOLO) €x&|&2 tjEZQI
1-stage Detector R o[t}

YOLO 22 A &5 ZAoA 4 At A4 &
FE ofe] Hgog st AA ERol A8+ Al
Zro] ezl A 7HA L glem, Hx Adate] oy
v37HA] P olRok &Aoo JNAE wEo] TRE]

o, 20234¢ 1€ v8o] W E A}t (Redmon et al.,
2016; Redmon and Farhadi, 2017;
Farhadi, 2018; Hussain, 2023).
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gt o|n| 2] EREEE B £/ B4 F85t7] 9
gt AFE A&HA ot Medina, E. et al. (2017) 2
CNN 5& ©]&dto] 5 mpolmelofA X7

= Y-S 5T ESE Faster R—-CNN, mask

R WL

gt ojuz] #7 darelse] &7 oluA
B4 nygo] 1o &8t (Qian et al, 20205 Suh
et al, 2021). e g £z AARE 74%01] oIt

= 27 oluA] ZA4 #gstr] fIet
27t Z]—‘—H Atk. Park et al. (2022) = @ H8S 1
Fot 287 FARYS FTE35L YOLO v3e}F v4e] HA
e 45e uusto,

B Ao YOLOQ 2023d 849 71& A wql
YOLO v8& ARgste] 2RAEA 7I&o] A8k i
HE2F 450 AeA=5400 g0l 2 #2F dE F
Synedra sp. & BAIte B¥S F5oIAH. HAlHd 2
o] e ool dEARR AREE oluAle] SA4
¥

I-U
ol

%

W2 JEs wron o ARREE 9] oju|x] FE
7t a5ttt shAt An|AEE o] gste] ASH on|A R
AdHFARRE FHtE A2 AT o, old TAE
HAst7] el g, S4, - o] g5t on|xE 44
stal &g olu|x] 9] tofdE =ojA BEAdTOl HAl=
¢S Bt
2. Az 4 A4
2.1 Image

Yz 20209 19 198H 20234 7€ 19744
ddd & @7 skdelA A4 AlmolA FotdnH
olgele] BT 12099 oA BYE PEEUTL.
A Hlgol| wet 5" ou| o] s EEt
open source libraryQl OpenCVE ©o]-gote] oJu|z] o4t
TE 640 * 64002 AFASIATE (OpenCV, 2010)
(Fig. 1. B@FFo] A& 27 T2 Fofl 27 4
%91 Anabaena sp., Aphanizomenon sp., Microcystis
sp., Oscillatoria sp.?t 2R/ Synedra sp. & 5% ©]
t| & AMESHRT (Table D).

Original image

Fig. 1. Schematic of image preprocessing.
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Table 1. Images used for model development

Genus Images | Train images |Test images
Anabaena sp. 22 14 8
Cyanob Aphanizomenon sp.| 26 19 7
acteria | Microcystis sp. 23 16 7
Oscillatoria sp. 26 19 7
Diatom Synedra sp. 23 16 7
Total 120 84 36

22 2y e

Do) AFEgE YOLO v82 20239 149 Ultralytics
oA ZEE YOLOS 718 A gdruglZoz AHSir ot

= 55 NSt AN HEol APt s 154
ngolty (Hussain, 2023; YOLO by Ultralytics, 2023).
YOLO v82 Nano, Small, Medium, Large 2|1 Xtra
Large & 5709] AlEAQ1 2ol lew % 7MY 3717t
2k Nanow 5709 AlF 2y T AA AL 7
WEHA HSEr AgjAo g Hojx Y Xtra Largez Z
5 A AL LA At Eopdnh AR
nygol 452 mAP ZZt 37.3, 44.9, 50.2, 52.9 181
53.92 AAHAT (YOLO by Ultralytics, 2023). & A+
ofAE 1209 d=HA=E AMERoH, Ador g
A w7t w2 o2 dg AATE FHA 5ol A8 HeAde
1H3to] AAH O R inference &7} WEEHA oAl
AE9 Hol= YOLO v8 Small 23S Hgstglrh

2.3 98 2=

23.1 3|

B9 FEo]= OpenCVE AMR319] 640 * 640 |4
T2 AT 12089 7% ojula] gt olmA] P4
of Ws}E Fof olu|z] F4go] AA FARY 5ol u
Ax P B ofuln 14 F4, B, &4

Original image D° image

)

S Aggon A omAE 12089 71E omA F
T 1084 F 5082 AEet = 90°, 180° , 270°
SIHAZ olwA] 15082 A5t ﬂxﬂ g mgo| o
& 2 Z71s9t (Fig. 2).

744 T g9 olnAE AT 71 oA
A olulz] AA A Al =9 1074}4 o] u] 2] of Al
A "ol He 27 AZ FiEe FESHA olnAlE
FEE o A vleS FASH] HOH Sd= 640 * 64091

i omA|o A 4 fiio] He 27 HAE TS S8
304 * 304¢] oJm]A|2 F&SkAL OpenCVE ©]-8ste] ofn|#|
SVI=E 640 * 64002 AL 24 TS 2RelnA]
7h S JHARE TS0 o] Sf A] 92
oju|x] o] A7} LeAEA] ¢fE olnA] 2782 At 4879
oA E A FA L] sls5 ofu] Ao FrlstH (Fig. 3).

233 &4

a4 olu|]E olu|z] LAHBLE Qo AEstd T
10%29] ol 2|2 ZP5tHTt. 7| = o|n|x] 9] Y= 640 *
640914 OpenCVE AHgsto] olm]2] AA 9] s EE 304
* 3042 FA40t BYEE A on|A] MPE A
3l 640 * 6409 HAAEZ Image Padding A5t 2™
a5 om|z] 504-E shE olu|A|o] skt (Fig. 4).

640 * 640image
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Fig. 3. Schematic of image magnification.
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Fig. 2. Schematic of image rotation.
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Fig. 4. Schematic of image reduction.

Table 2. Images used for each model development

YOLO v8

Basic | Rotation |magnification| Reduction | Total

No. Model . . > . .
images | images images images | images
1 Basic 120 0 0 0 120
2 Rotation 120 150 0 0 270

3 Rotation gnd 120 | 150 48 0 318
magnification

Rotation and

A , 120 | 150 0 50 | 320
reduction
Rotation,
5 magnification 120 150 48 50 368
and
reduction

234 2=

34, g, 4 52 Bl AEA F7HE oA E o8
T49 e w0 & 7HA BREE A5 4=
T o 45E vlwstloh. Model 12 si4E 640 *
6400 & g3t om|7] 120%%hS AR&ste] 153 7] 2R
ol Model 2& 712239 o|u|z] 12047 /g 3|4
olu|z] 1504 F7Fot] & 270749 o|u|A & Algsto] =
st 2 go|tt. Model 31+ Model 4= Model 29] o]r]z] FAof|
Z5F7 Al g o|n]7] 4873 S4- olu|R] 5072 242t A-85t
o] & 31841} 320%¢ o8 537 Bygolth. Model 5& 712
olmjz|e} 314, Sitff, FAE RF H8sto] F 368%9] o|n|A|
2 RS IESIPeH BYTES 5 AHEE ouAE
Table 201 A 2]st%ct.

¢}

24 2% Hot

A ERA Y] 52 A TR A H7} 22 mean
Average Precision (mAP)& AHEsto] H716t% T mAPE
AUE (Precision)t AHEE (Recal)E o856t of22] 54
£ o]&st AAHTE (Eq. 1, 2). ¥ AAE ZHIEA
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e

ol &3t 739 True Positive (TP)E BH{35L1 2HIEA] &34
25t A9 False Positive (FP), AA|E n|gx|gt 39 False
Negative (FN)2 E-53It}, Average Precision (AP)&= 2& 2]
Recall #te] ®igto] w& Precision®] W3IE HeRH=
Precision Recall Curve 1] ZoflA T2j A ofefjZ WA <
ro g Aot mAPE RE A class APO] BFdo|rt.

I

Ol

L TP
Precision = TPt 7P (1)
P
Recall = TPt AN 2)

=2

3.1 245 vl

AN Z4E 2RE FAG F9 F9olE 24
olul 9] Z7], WHeF ol thaFshA REZ 4 9tk o]
o £A4e shgstel te BRsHs Geld A ol
A BRRPY B4 olulx tpR B4 B5E B
A 5ol P AHF 5 gdom, B AL 44
=49 2FolnAY 27 B WFS W] YRR
o thpe o] BPOl Aol At GeFe BAGHY
=

A olm]A] 12089k ARESEe] =3 Model 12] mAP=
64.42 FH AP Anabaena sp., Aphanizomenon sp.,
Microcystis sp., Oscillatoria sp.2t Synedra sp. ZYZ+ 33.5,
62.9, 86.2, 71.3 12|11 67.98 REA=gich. 221 37 o]w]
ZE F7FF Model 2= mAP 0.859} £ AP Anabaena
sp., Aphanizomenon sp., Microcystis sp., Oscillatoria sp.2}
Synedra sp. 277} 71.0, 91.3, 91.9, 77.8 2131 94.42 Model
1o Ble) 2R 5% mE 2§ ol Ausor,

ou|x] F/d-g W7ste] il =1l 71 BE F olnjA|
3, g, H4F 5 A8 Model 571 7FY £2 452
HYoh mAP+= 86.52 Model 19 Hls] H#Ad50] <F 34%
FEE QI olu|A] A xt stjet 4 §F kAT 285t
Model 33 Model 49 7% Model 1HtE £2 A%5S
Hoow 3)HTHS 2835 Model 29} B wf 23]
Tha Adsol] Rolal= Ak HYou 1 atol= 4] 4%
(Table. 3).
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Table 3. Model performance based on image composition

YOLO v8
AP
No. Model mAP i
Anabaena sp. Ap hamz;menon Microcystis sp. Oscilatoria sp. | Synedra sp.
Basic 64.4 33.5 62.9 86.2 71.3 67.9
2 Rotation 85.3 71.0 91.3 91.9 71.8 94.4
3 Rotation and 82.3 66.1 83.3 99.5 81.7 80.9
magnification
4 | Rotation and reduction | 83.8 68.5 88.5 97.1 77.2 87.7
5 | Rotation, magnification | g0 o 76.9 84.3 99.5 89.2 82.9
and reduction
40 WAE ZHE ERI6k3t Fig. 7 (@A & 5 = AAH
35 32.45% 3433% Y& olu)|R]|9] Anabaena sp.& Fig. 7 (b)€] Model 194+=
30 27.80% Aphanizomenon sp., Oscillatoria sp.2} Synedra sp.2F o] 2o
25 o] HIXRE Fo & @ B Sk AEe] JIglo on|z] A49]
20 TFdS 718 Model 5ol4= o8t @77 /idE= A
15 gRelstart (Fig. 7 (). T3 B39 o7 §3% sh= 543t
10 o7} of2fHl EFER= olF A (double detection)”} WY =]
5 = AL &I & St (Fig. 9).
0

Model 2 Model 3 Model 4 Model 5

OModel 2 BModel 2 EModel 4 EModel 5

Fig. 5. Improvement of Model Performance.

3.2 7iE d= Zat Hlu

on]7] tpHdE =11 7] BPAES Tl e el
stelom ARAoR By Aso] AE AR 7 ofn)x|=
ERIstet. A WA, sk o]u]2]|9] Tt F7MI71HA A
o] =] Model 194 EFolA] 25t XFolu|2E EFet
7395 15kt Fig. 6 ()= Y on|z|o]H Fig. 6 (b)<]
AoflA & £ Q= AAH Model 1941 BRI} 5]7] ored
Anabaena sp.7} Model 59141 ER%E 2& 213 4= ot
(Fig. 6 ©).

= v, ZRelulA] B A O For BReks o B

4. Z=(Conclusion)

2 dFole AA EF g2EQ] YOLO v8& ol&
sto] 712 o|m A& ARE- = TE s S =4
sttt 7142 o|mRE A} odel 12 mAP 6442 &
H AP A Anabaena sp.,
Microcystis sp., Oscillatoria sp.2t Synedra sp. ZYZ+ 33.5,
62.9, 86.2, 71.3 12|11 67.92 BAEQIh £ A7
T o|mR] Aol B, g, 49 olu]|2AE AJd5t
oln|z] & £ 5714 BPS FEoHL o|n|A| Y] ¢

FFE B4 5714 Y F 3
4, g, 48 25 A&7 Model 57} mAP 86.52 7}
T EE H45E BIO0H Model 1R} ¢F 34% “d-5°] i
3 243t Model 29}
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=
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(a) original image

(b) Model 1

(c) Model 5

Fig. 6. Examples of object detection improvement.
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Fig. 7. Examples of improvements in object misclassification.

Anabaens

(a) Model 1

W EE G ERY

(b) Model

Fig. 8. Examples of object double detection.
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